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1
PHONIC SEAL SEAT

STATEMENT OF GOVERNMENT INTEREST

This invention was made with government support under
FA8650-09-D-2923-0021 awarded by the United States Air
Force. The government has certain rights 1n the invention.

BACKGROUND

The present disclosure relates to seal assemblies. More
particularly, the present disclosure relates to seal plates for
gas turbine engines.

In order to determine the rotational speed of a shaft (such
as a shaft of a gas turbine engine), a magnetic probe 1s used
to sense the passing of a tooth like feature on the shaft.
Generally, the piece on the shaft that has the teeth 1s its own
stand-alone part. Portions of gas turbine engines with lim-
ited space can prevent the ability to have the toothed part
mounted onto the shatt.

SUMMARY

A sealing assembly for a bearing compartment of a gas
turbine engine 1ncludes a shaft and a seal plate mounted to
the shaft. The shait 1s configured to rotate about a longitu-
dinal axis of the gas turbine engine. The seal plate includes
an annular body, a scoop, a sealing surface, a plurality of
teeth, and a channel. The scoop 1s connected to and extends
radially from the annular body. The scoop defines a lip and
an annulus surrounding the shaft and 1s disposed on a first
axial end of the annular body. The sealing surface 1s dis-
posed on a second axial end of the annular body opposite
from the scoop. The plurality of teeth are disposed 1nto and
along an outer perimeter of a portion of the annular body.
The channel extends through a portion of the annular body
and 1s fluidly connected to the scoop and to the sealing
surface.

A method of measuring a rate of rotation of a seal plate 1n
a gas turbine engine includes rotating the seal plate and
sensing a rate of rotation of the seal plate with a sensor. The
seal plate includes an annular body, a scoop, a sealing
surface, a plurality of teeth, and a channel. The scoop 1s
connected to and extends radially from the annular body.
The scoop defines a lip and an annulus and 1s disposed on a
first axial end of the annular body. The sealing surface is
disposed on a second axial end of the annular body opposite
from the scoop. The plurality of teeth are disposed 1nto and
along an outer perimeter of a portion of the annular body.
The channel extends through a portion of the annular body
and 1s fluidly connected to the scoop and to the sealing
surface. The sensor 1s mounted to a housing of the gas
turbine engine.

A seal plate mncludes an annular body, a scoop, a sealing
surface, a plurality of teeth, and a channel fluidly connected
to the scoop and to the sealing surface. The scoop 1s
connected to and extends radially from the annular body.
The scoop defines a curved lip and an annulus and 1s
disposed on a first axial end of the annular body. The sealing
surface 1s disposed on a second axial end of the annular body
opposite Irom the scoop. The plurality of teeth are disposed
into and along an outer perimeter of a portion of the annular
body. The plurality of teeth are configured to induce a
current as the seal plate i1s rotated. The channel extends
through a portion of the annular body and 1s fluidly con-
nected to the scoop and to the sealing surface. The seal plate
comprises a wet seal configured to form a sealing interface
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2

using a tluid. The seal plate comprises a face seal with the
sealing surface oriented orthogonally to a rotational axis of
the seal plate. A matenial of the seal plate comprises a
ferromagnetic metal.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a side partial cross-section view of a gas turbine
engine.

FIG. 2 1s a perspective view of a seal plate of the seal
assembly.

FIG. 3 1s an enlarged cross-section view of a seal assem-
bly of a bearing compartment of the gas turbine engine.

DETAILED DESCRIPTION

FIG. 1 shows a side partial cross-section view of engine
10 and includes axial centerline 12, upstream airtlow inlet
14, downstream airflow exhaust outlet 16, fan section 18,
compressor section 20 (with low pressure compressor
(“LPC”) section 20A and high pressure compressor (“HPC”)
section 20B), combustor section 22, turbine section 24 (with
high pressure turbine (“HPT™) section 24 A and low pressure
turbine (“LP1”) section 24B), engine housing 26 (with core
case 28 and fan case 30), fan rotor 32, LPC rotor 34, HPC
rotor 36, HPT rotor 38, LPT rotor 40, gear train 42, fan shaft
44, low speed shait 46, high speed shaft 48, bearing com-
partments 50A, 50B, and 50C, plurality of bearings 32, core
gas path 54, bypass gas path 56, combustion chamber 58,
and combustor 60.

In one non-limiting embodiment, engine 10 can be a gas
turbine engine. In other non-limiting embodiments, engine
10 can include a helicopter (e.g., HPW3000), a vanable
cycle advanced technology, or other type of engine.

Engine 10 extends along axial centerline 12 between
upstream airflow ilet 14 and downstream airflow exhaust
outlet 16. Engine 10 includes fan section 18, compressor
section 20, combustor section 22, and turbine section 24.
Compressor section 20 1includes LPC section 20A and HPC
section 20B. Turbine section 24 includes HPT section 24A
and LPT section 24B.

Fan section 18, compressor section 20, combustor section
22, and turbine section 24 are arranged sequentially along
centerline 12 within engine housing 26. Engine housing 26
includes core case 28 and fan case 30. Core case 28 may
house one or more of fan section 18, compressor 20,
combustor section 22, and turbine section 24. Fan case 30
may house at least fan section 18. Each of gas turbine engine
sections 18, 20A, 20B, 24A and 24B includes respective
rotors 32-40. Each of these rotors 32-40 1ncludes a plurality
of rotor blades arranged circumierentially around and con-
nected to one or more respective rotor disks. The rotor
blades, for example, may be formed integral with or
mechanically fastened, welded, brazed, adhered and/or oth-
erwise attached to the respective rotor disk(s).

Fan rotor 32 1s connected to gear train 42, for example,
through fan shait 44. Gear train 42 and LPC rotor 34 are
connected to and driven by LPT rotor 40 through low speed
shaft 46. The combination of at least LPC rotor 34, LPT
rotor 40, and low speed shaft 46 may be referred to as “a low
speed spool.” HPC rotor 36 1s connected to and driven by
HPT rotor 38 through high speed shait 48. The combination
of at least HPC rotor 36, HPT rotor 38, and high speed shatt
48 may be referred to as “a high speed spool.” Shaits 44-48
are rotatably supported by a plurality of bearings 52, which
can be rolling element bearings, thrust bearings, or other
types of bearings. Each of these bearings 52 1s connected to
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engine housing 26 by at least one stationary structure such
as, for example, an annular support strut.

During operation, air enters engine 10 through airflow
inlet 14. Air 1s directed through fan section 18 and 1s then
split into either core gas path 54 or bypass gas path 56. Core
gas path 54 flows sequentially through fan section 18,
compressor section 20, combustor section 22, and turbine
section 24. The air within core gas path 54 may be referred
to as “core air.” Bypass gas path 56 flows through a duct
between core case 28 and fan case 30. The air within bypass
gas path 36 may be referred to as “bypass air.”

The core air 1s compressed by LPC rotor 34 and HPC
rotor 36 and directed into combustion chamber 38 of com-
bustor 60 in combustor section 22. Fuel 1s injected into
combustion chamber 58 and mixed with the core air that has
been compressed by compressor section 20 to provide a
tuel-air mixture. This fuel-air mixture 1s 1gnited and com-
bustion products therecof expand and flow through and
sequentially cause HP'T rotor 38 and LPT rotor 40 to rotate.
The rotations of HPT rotor 38 and LPT rotor 40, respectively
drive rotation of HPC rotor 36 and LPC rotor 34 and
compression of the air recerved from core gas path 54. The
rotation of LPT rotor 40 also drives (via gear train 42) the
rotation of fan rotor 32, which propels bypass air through
and out of bypass gas path 56. The propulsion of the bypass
alr may account for a majority of thrust generated by engine
10, which can be more than 75% of engine thrust. Engine 10
of the present disclosure, however, 1s not limited to the
foregoing exemplary thrust ratio. Engine 10 of the present
disclosure can be a high-bypass turbofan, either geared (as
shown) or non-geared, or a low-bypass turbofan, or a
turbojet, or a turboshatt, or a turboprop. Engine 10 of the
present disclosure can be a two-spool engine (as shown) or
an engine with more than two spools.

FIG. 2 1s a perspective view of seal plate 62 from one of
bearing compartments 50A, 508, and 50C. FIG. 2 shows a
tull circumiterence of seal plate 62 with body 64, teeth 66,
valleys 68, channels 70, radial outlets 72, scoop 74, annulus
76, and rotational axis A,. Seal plate 62 1s an annular seal
clement. In one non-limiting embodiment, seal plate 62 can
include a rotating wet face seal configured to provide an
oil-lubricated sealing interface. In other non-limiting
embodiments, seal plate 62 can include a dry-face seal,
circumierential carbon seal, liftofl’ seal, knife-edge seal, or
an end-face seal. In one non-limiting embodiment, a mate-
rial of seal plate 62 can include steel or another type of
ferromagnetic metal.

Body 64 1s an annular ring of solid material. Teeth 66 are
a radial extension of solid material. In one non-limiting
embodiment, a material of teeth 66 can include the same
material as seal plate 62. In other non-limiting embodiments,
teeth 66 can include a material with a higher magnetic flux
density than that of other portions of seal plate 62. As
discussed herein, teeth 66 will also be referred to as tooth 66
and the two terms will be used interchangeably. (See e.g.,
FIG. 3 showing a partial cross-section view of seal plate 62
with a single tooth 66.) Valleys 68 include slots or channels
cut out of seal plate 62.

Channels 70 are passages or conduits configured to trans-
fer a fluid. As discussed herein, channels 70 will also be
referred to as channel 70 and the two terms will be used
interchangeably. (See e.g., F1IG. 3 showing a partial cross-
section view of seal plate 62 with a single channel 70.)
Radial outlets 72 are holes or passages disposed in body 64.
Scoop 74 1s an annular, curved lip. Annulus 76 1s a space or
area formed 1n the shape of a circular pocket. Rotational axis
A, 1s an axis upon which seal plate 62 rotates and that passes
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through a center of seal plate 62 (and that 1s coincident with
axial centerline 12 shown in FIG. 1).

Teeth 66 are formed 1n, are connected to, and extend
radially outward from seal plate 62. In one non-limiting
embodiment, teeth 66 are integrally formed as a part of seal
plate 62. In this non-limiting embodiment, seal plate 62
includes sixty of teeth 66. In other non-limiting embodi-
ments, seal plate 62 can include more or less than sixty of
teeth 66 and as few as a single tooth 66. As shown in FIG.
2, teeth 66 are disposed 1n seal plate 62 such that teeth 66 are
uniformly spaced along a circumierence of seal plate 62. In
other non-limiting embodiments, teeth 66 and/or valleys 68
can be non-uniformly spaced or sized from other teeth 66 or
valleys 68, respectively. Teeth 66 can include a circumier-
ential width of 0.1 to 0.2 inches (0.25 to 0.51 centimeters),
an axial length of approximately 0.5 inches (1.27 centime-
ters), and a radial height of approximately 0.5 inches (1.27
centimeters). In one non-limiting embodiment, teeth 66
include edges with approximately ninety degree angles.

Valleys 68 are spaces or voids disposed into portions of
seal plate 62 and are positioned between consecutive teeth
66. As shown 1n FIG. 3, teeth 66 and valleys 68 are disposed
in a uniformly alternating pattern of tooth 66, valley 68,
tooth 66, valley 68, . . . etc. Valleys 68 can include an axial
length of approximately 0.5 inches (1.27 centimeters), a
radial height of approximately 0.5 inches (1.27 centimeters),
and a circumierential width of approximately 0.25 inches
(0.64 centimeters).

Channel 70 1s disposed 1n a portion of seal plate 62 and
extends from annulus 76 through seal plate 62 to an axially
downstream (to the right 1n FIG. 2FIG. 3) end of seal plate
62. In one non-limiting embodiment, channel 70 (or chan-
nels 70) can be drilled into seal plate 62 aifter seal plate 62
1s turned and/or after teeth 66 are machined into seal plate
62. In another non-limiting embodiment, channel 70 (or
channels 70) can be drilled into seal plate 62 after seal plate
62 1s turned and/or before teeth 66 are machined into seal
plate 62. Radial outlets 72 extend into body 64 and are
fluidly connected to channels 70. Scoop 74 extends from
seal plate 62 and curves radially inward towards low speed
shaft 46. Annulus 76 1s formed and i1s circumiferentially
surrounded by scoop 74.

Seal plate 62 creates a wet face seal at an axially down-
stream end (to the night in FIG. 2) by channeling o1l from
annulus 76, through channels 70, and to the axially down-
stream end of seal plate 62. Teeth 66 and valleys 68 function
by passing across or by a tip of a nearby probe thereby
perturbing or altering the magnetic field of a magnet in the
probe. As teeth 66 perturb the magnetic field of the magnet
in the probe, a current 1s induced 1n a coil of the probe. The
current induced in the coil 1s then received by electrical
circuitry connected to the probe that processes the imnduced
current to produce an electrical signal that indicates the
rotational speed of seal plate 62.

Channel 70 provides a passage for o1l collected by scoop
74 to pass from annulus 76, through a portion of seal plate
62, and to an axial end of seal plate 62. The o1l transierred
from annulus 76 through channel 70 (or channels 70)
provides thermal regulation (e.g., cooling) of seal plate 62 as
well as provides a lubricating film for seal plate 62 to nide
against. Radial outlets 72 provide a fluidic outlet for o1l to
be released 1n a radial direction from seal plate 62 as well as
to Turther provide cooling to seal plate 62. Scoop 74 catches
and/or traps o1l in annulus 76. The combination of scoop 74
and channel 70 provide a cooling function for seal plate 62
so that seal plate 62 does not overheat. Annulus 76 contains
o1l captured or trapped by scoop 74.
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Previous designs of bearing compartments included
stand-alone pieces with teeth which increased part count and
weight within the engine compartment. As opposed to
existing designs, the purpose of seal plate 62 1s to provide
teeth 66 on a component already within the engine com-
partment, removing the need for a stand-alone toothed piece
in addition to seal plate 62. Seal plate 62 with teeth 66 allows
for several functions required for o1l sealed rotating hard-
ware to be combined nto a single, space etlicient part. A
sealing surface 1s created, lubricating o1l 1s pumped to that
sealing surface, and the speed of the engine shaft (e.g., low
speed shait 46 1n this non-limiting embodiment) 1s measured
all with a single part providing for space, weight, and part
count savings.

FIG. 3 1s an enlarged cross-section view taken along 3-3
of FIG. 1 showing a portion of bearing compartment 50B
with seal assembly 78. FIG. 3 shows axial centerline 12, low
speed shait 46 (with shoulder 80 and threaded portion 82),

cross-over housing 84 (with mount 86 including slot 88 with
threaded portion 90, and probe 92 including body 94 with
threaded portion 96, magnet 98, coil 100, tip 102, and wires
104), seal assembly 78 (with seal plate 62 1nclud1ng body 64,

tooth 66, valley 68, channel 70, axial outlet 106, radial outlet
72, scoop 74, annulus 76, and channel 108), retaining
clement 110 with threaded portion 112, seal element 114,
and sealing interface 116. Although seal assembly 78 1is
discussed as being disposed 1n bearing compartment S0B,
seal assembly 78 can be disposed in any one of bearing
compartments S0A, 508, 50C, or another compartment of
gas turbine engine 10. In another non-limiting embodiment,
low speed shaft 46 as shown 1n FIG. 3 can be representative
of high speed shait 46, and/or cross-over housing 84 can be
representative of high speed shaft 46 or a main shaft of gas
turbine engine 10.

Shoulder 80 1s a projection of solid material. Threaded
portions 82, 90, 96, and 112 are helical ridges. Cross-over
housing 84 1s a casing of solid material. Mount 86 1s a
tubular element of solid maternial. In one non-limiting
embodiment, mount 86 can include a boss. Slot 88 1s an
opening or channel. Probe 92 1s a sensor configured to
measure the speed of another object. In one non-limiting
embodiment, probe 92 can include a magnetic sensor con-
figured to sense changes 1n a magnetic field of probe 92. In
other non-limiting embodiments, probe 92 can include an
optical sensor. Body 94 1s an elongated cylindrical housing.
Magnet 98 1s a magnet that can be one of an electromagnet,
permanent magnet, or a temporary magnet. Coil 100 1s a
length of metal wire wound into a coil. Tip 102 1s an end or
head of probe 92 and 1s configured to measure changes in a
magnetic field of probe 92 or of another object. Wires 104
are electrical wires.

Axial outlet 106 1s a hole or passage disposed 1n body 64.
In this non-limiting embodiment, a single axial outlet 106 1s
shown 1 FIG. 3, however seal plate 62 can include a
plurality of axial outlets 106 disposed along the entire ring
of seal plate 62, the number of which can equal a number of
channels 93 and/or radial outlets 72. Channel 108 1s a
passage or conduit configured to transier a fluid. In this
non-limiting embodiment, a single channel 108 1s shown in
FIG. 3, however seal plate 62 can include a plurality of
channels 93 disposed along the entire ring of seal plate 62.
Retaining element 110 1s a hollow, cylindrically shaped
portion of solid material. Seal element 114 1s a ring-shaped
resilient element of solid material. In one non-limiting
embodiment, seal element 114 can be generally 1n the shape
of a ring or annulus.
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Sealing interface 116 1s an interface or minor gap between
and an axial end of seal plate 62 and an axial end of seal
clement 114.

Shoulder 80 1s connected to and extends radially outward
from low speed shaft 46. Threaded portion 82 1s connected
to and extends radially outward from low speed shait 46.
Cross-over housing 84 1s connected to and forms a portion
of one of bearing compartments 50A, 50B, or 50C. In other
non-limiting embodiments, cross-over housing 84 can form
another portion of gas turbine engine 10. Mount 86 1is
disposed 1n and extends through a portion of cross-over
housing 84. Slot 88 extends through a portion of cross-over
housing 84 by extending longitudinally through mount 86.
Threaded portion 90 1s connected to and extends radially
inward from slot 88 of mount 86.

Probe 92 engages with mount 86 such that probe 92 1s
mounted into mount 86. Threaded portion 96 1s connected to
and extends radially outward from body 94. Body 94 houses
magnet 98 and coil 100. Body 94 1s disposed within a
portion of slot 88 of mount 86. Body 94 1s threadably
engaged with slot 88 of mount 86. Magnet 98 1s disposed or
mounted within a portion of body 94. Coil 100 1s disposed
or mounted within a portion of body 94. Tip 102 1s mounted
to an end of body 94 and 1s electrically connected to
components within body 94 such as magnet 98 and coil 100.
In one non-limiting embodiment, tip 102 can be positioned
0.020 to 0.050 inches (0.5 to 1.3 millimeters) away from
tooth 66 of seal plate 62.

Seal plate 62 1s mounted onto and extends circumieren-
tially around low speed shait 46. Seal plate 62 1s pressed
against shoulder 80 of low speed shaft 46 by retaining
clement 110. Seal plate 62 1s configured to rotate relative to
cross-over housing 84, which 1n this non-limiting embodi-
ment remains stationary relative to gas turbine engine 10
during operation of gas turbine engine 10. An mnner diameter
of seal plate 62 1s 1n contact with an outer diameter of low
speed shait 46. In one non-limiting embodiment, seal plate
62 1s disposed on low speed shait 46 such that the relative
positioning and spacing between seal plate 62 and probe 92
allows for minor radial and/or axial displacement of seal
plate 62 (1.e., from aircrait maneuvers, thermal growth/
expansion/contraction, etc.) while also allowing seal plate
62 to remain at a distance from probe 92 enabling probe 92
to properly sense tooth 86. Channel 70 fluidly connects
annulus 76 to axial outlet 106. Channel 108 fluidly connects
axial outlet 106 to radial outlet 72.

Retaining element 110 1s threadably engaged with low
speed shait 46 via threaded portion 82 of low speed shait 46
and threaded portion 112 of retaining element 110. Seal
clement 114 surrounds low speed shaft 46 and is located
radially between low speed shait 46 and high speed shait 48.
Sealing interface 116 forms a minor gap between an axial
end of seal plate 62 and an axial end of seal element 114.
During operation of gas turbine engine 10, a film 1s formed
at sealing interface 116.

Shoulder 80 of low speed shait 46 functions to provide an
axial stop which seal plate 62 1s pressed against for axial and
rotational retention. Threaded portion 82 of low speed shatt
46 functions to engage with threaded portion 95 of retaining
clement 110 so as to prevent relative axial movement
between retaining element 110 and low speed shait 46.
Cross-over housing 84 provides a barrier between distinct
compartments within gas turbine engine 10 so as to prevent
a flow of tluids between the compartments where necessary.
Cross-over housing 84 receirves probe 92 ito slot 88 of
mount 86 and secures probe 92 such that probe 92 1s atlixed
to cross-over housing 84. Slot 88 forms a rece1ving space for
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insertion of probe 92. Threaded portion 90 of slot 88
threadably engages with threaded portion 96 of probe 92.

Probe 92 1s configured to measure a rotational velocity or
speed of seal plate 62. In one non-limiting embodiment,
probe 92 measures a rotational speed of seal plate 62 by
creating a magnetic field and sensing changes 1n that mag-
netic field as teeth 66 pass by probe 92 causing perturbations
or variations in the magnetic field. After teeth 66 are sensed
by probe 92, a rotational speed of seal plate 62 (and by
extension low speed shaft 46) 1s determined. The speed of
low speed shait 46 (or of any other shafts 1n gas turbine
engine 10) 1s used for at least one of the following: to
provide a read-out 1n the cockpit to reflect revolutions per
minute of gas turbine engine 10; to provide a control action
to adjust the speed of low speed shait 46; to provide an input
into a control computer of gas turbine engine 10 (such as a
tull authority digital engine control (“FADEC”)); to deter-
mine an amount of fuel to dump 1nto gas turbine engine 10;
to determine an adjustment of a fuel schedule or a vane
schedule; or to relate the speed of low speed shait 46 to a
health monitoring system of gas turbine engine 10.

Body 94 houses electrical and magnetic components of
probe 92. Threaded portion 96 1s configured to threadably
engage with threaded portion 90 of slot 88. Magnet 98 1s
configured to produce a magnetic field. Coil 100 1s config-
ured to have an electric current induced 1 coil 100 in
response to changes 1n the magnetic field of magnet 98. Tip
102 senses variations 1in the magnetic field caused by teeth
66 as secal plate 62 rotates about axis 12 and moves relative
to tip 102 of probe 92. Seal plate 62 provides a sealing
interface between seal plate 62 and seal element 114. Seal
plate 62 creates a wet face seal at an axially downstream end
(to the nght 1n FIG. 3) by channeling o1l from annulus 76,
through channel 70, to axial outlet 106, and to the axially
downstream end of seal plate 62 at an interface between seal
plate 62 and seal element 114. Teeth 66 function by passing,
across or by tip 102 of probe 92 thereby perturbing or
altering the magnetic field of the magnet 1n body 94 of probe
92. As teeth 66 perturb the magnetic field of the magnet 1n
body 94, a current 1s induced 1n the coil of body 94. The
current induced in the coil of body 94 is then received by
clectrical circuitry connected to probe 92 that processes the
induced current to produce an electrical signal that indicates
the rotational speed of shait 46.

Channel 70 provides a passage for o1l to pass from
annulus 76, through a portion of seal plate 62, and to sealing
interface 116 at the axial end of seal plate 62. The oil
transierred through channel 70 (or channels 70) provides
thermal regulation (e.g., cooling) of seal plate 62 as well as
provides a lubricating film at sealing interface 116 for seal
plate 62 to ride against as seal plate 62 rotates relative to seal
clement 114. Scoop 74 catches and/or traps 1n annulus 76 o1l
flung ofl of low speed shaft 46 due to a centrifugal force of
the o1l as low speed shaft 46 rotates. Scoop 74 prevents the
o1l from being sprayed throughout bearing compartment
50B. The combination of scoop 74, channel 70, and channel
108 provide a cooling function to seal plate 62 so that seal
plate 62 does not overheat. Annulus 76 contains o1l captured
or trapped by scoop 74 as o1l 1s flung ofl of low speed shatt
46.

Retaining element 110 functions to press, or compress,
seal plate 62 1 an axial direction (to the left in FIG. 3)
against shoulder 80 of low speed shait 46 so as to prevent
relative rotation and axial displacement between seal plate
62 and low speed shaft 46. Retaining element 110 functions
to engage with threaded portion 82 of low speed shait 46 so
as to attach retaining element 110 to low speed shatt 46 as
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well as retain seal plate 62 on low speed shaft 46. Threaded
portion 112 1s configured to threadably engage with threaded
portion 82 of low speed shaft 46. Seal element 114 1s
configured to form sealing interface 116 at a point at which
seal plate 62 and seal element 114 come 1nto contact. Sealing
interface 116 1s configured to provide a lubricating film and
a fluidic seal between seal plate 62 and seal element 114.

Previous designs of seal assemblies included stand-alone
pieces with teeth which increased the part count and weight
within the engine compartment. As opposed to existing
designs, the purpose of seal assembly 78 with seal plate 62
1s to provide teeth 66 on a component already within the
engine compartment removing the need for a stand-alone
toothed piece i addition to seal plate 62. Seal plate 62 with
teeth 66 allows for several functions required for o1l sealed
rotating hardware to be combined nto a single, space
cilicient part. A sealing surface is created, lubricating o1l 1s
pumped to that sealing surface, and the speed of the engine
shaft (e.g., low speed shaft 46 in this non-limiting embodi-
ment) 1s measured all with a single part providing for space,
weilght, and part count savings.

Discussion of Possible Embodiments

The following are non-exclusive descriptions of possible
embodiments of the present invention.

A sealing assembly for a bearing compartment of a gas
turbine engine icludes a shaft and a seal plate mounted to
the shaft. The shaft 1s configured to rotate about a longitu-
dinal axis of the gas turbine engine. The seal plate includes
an annular body, a scoop, a sealing surface, a plurality of
teeth, and a channel. The scoop 1s connected to and extends
radially from the annular body. The scoop defines a lip and
an annulus surrounding the shaft and 1s disposed on a first
axial end of the annular body. The sealing surface 1s dis-
posed on a second axial end of the annular body opposite
from the scoop. The plurality of teeth are disposed 1nto and
along an outer perimeter of a portion of the annular body.
The channel extends through a portion of the annular body
and 1s fluidly connected to the scoop and to the sealing
surface.

The sealing assembly of the preceding paragraph can
optionally 1include, additionally and/or alternatively, any one
or more ol the following features, configurations and/or
additional components.

The seal plate can comprise a wet seal configured to form
a sealing interface using a fluid.

The seal plate can comprise a face seal with the sealing
surface oriented orthogonally to a rotational axis of the seal
plate.

The seal plate can comprise a rotating seal that can be
configured to form a sealing interface while rotating.

A sensor can be disposed radially outward from the seal
plate, wherein the sensor can be configured to detect a
rotational velocity of the seal plate.

The sensor can comprise a probe configured to create a
magnetic field and/or sense changes 1n the magnetic field as
the plurality of teeth of the seal plate passes by the probe.

A tip can be configured to sense movement of the tooth.

The sensor can be mounted to a cross-over housing of the
gas turbine engine.

A material of the seal plate can comprise a ferromagnetic
metal.

The material of the seal plate can comprise steel.

A method of measuring a rate of rotation of a seal plate 1n
a gas turbine engine includes rotating the seal plate. The seal
plate includes an annular body, a scoop, a sealing surface, a
plurality of teeth, and a channel. The scoop 1s connected to
and extends radially from the annular body. The scoop
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defines a lip and an annulus and 1s disposed on a first axial
end of the annular body. The sealing surface 1s disposed on
a second axial end of the annular body opposite from the
scoop. The plurality of teeth are disposed mto and along an
outer perimeter of a portion of the annular body. The channel
extends through a portion of the annular body and 1s fluidly
connected to the scoop and to the sealing surface. A rate of
rotation of the seal plate 1s sensed with a sensor, with the
sensor being mounted to a housing of the gas turbine engine.

The method of the preceding paragraph can optionally
include, additionally and/or alternatively, any one or more of
the following steps, features, configurations and/or addi-
tional components.

Oi1l can be caught with a scoop of the seal plate, wherein
the scoop can be disposed on a first axial end of the seal
plate.

Oil can be drawn through the channel from the scoop to
the sealing surface.

A wet sealing interface can be formed at the sealing
surface with the o1l drawn through the channel from the
SCOOP.

A change 1n a magnetic field of the sensor caused by the
plurality of teeth of the rotating seal plate can be sensed.

The seal plate can be rotated relative to the sensor.

A seal plate includes an annular body, a scoop, a sealing
surface, a plurality of teeth, and a channel fluidly connected
to the scoop and to the sealing surface. The scoop 1s
connected to and extending radially from the annular body.
The scoop defines a curved lip and an annulus and 1is
disposed on a first axial end of the annular body. The sealing
surface 1s disposed on a second axial end of the annular body
opposite Irom the scoop. The plurality of teeth are disposed
into and along an outer perimeter of a portion of the annular
body. The plurality of teeth are configured to induce a
current as the seal plate i1s rotated. The channel extends
through a portion of the annular body and 1s fluidly con-
nected to the scoop and to the sealing surface. The seal plate
comprises a wet seal configured to form a sealing interface
using a fluid. The seal plate comprises a face seal with the
sealing surface oriented orthogonally to a rotational axis of
the seal plate. A material of the seal plate comprises a
ferromagnetic metal.

The sealing assembly of the preceding paragraph can
optionally include, additionally and/or alternatively, any one
or more of the following features, configurations and/or
additional components.

The plurality of teeth can be configured to engage with a
magnetic probe such that a current can be induced 1n the
probe as the seal plate rotates.

The seal plate can comprise a rotating seal that can be
configured to form a sealing interface while rotating.

The matenial of the seal plate can comprise steel.

While the invention has been described with reference to
an exemplary embodiment(s), it will be understood by those
skilled 1n the art that various changes may be made and
equivalents may be substituted for elements thereot without
departing from the scope of the mvention. In addition, many
modifications may be made to adapt a particular situation or
maternal to the teachings of the invention without departing
from the essential scope thereof. Therefore, 1t 1s intended

that the invention not be limited to the particular embodi-
ment(s) disclosed, but that the invention will include all
embodiments falling within the scope of the appended
claims.
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The mnvention claimed 1s:
1. A sealing assembly for a bearing compartment of a gas
turbine engine, the sealing assembly comprising:
a shaft configured to rotate about a longitudinal axis of the
gas turbine engine; and
a seal plate mounted to the shaft, wherein the seal plate

COMPrises:

an annular body;

a scoop connected to and extending radially from the
annular body, wherein the scoop defines an annulus
surrounding the shaft, wherein the scoop 1s disposed
on a first axial end of the annular body;

a sealing surface disposed on a second axial end of the
annular body opposite from the scoop;

a plurality of teeth disposed into and along an outer
perimeter of a portion of the annular body; and

a channel extending through a portion of the annular
body, wherein the channel 1s fluidly connected to the

scoop and to the sealing surtace.

2. The sealing assembly of claim 1, wherein the seal plate
comprises a wet seal configured to form a sealing interface
using a tud.

3. The sealing assembly of claim 1, wherein the seal plate
comprises a face seal with the sealing surface oriented
orthogonally to a rotational axis of the seal plate.

4. The sealing assembly of claim 1, wherein the seal plate
comprises a rotating seal configured to form a sealing
interface while rotating.

5. The sealing assembly of claim 1, further comprising a
sensor disposed radially outward from the seal plate,
wherein the sensor 1s configured to detect a rotational
velocity of the seal plate.

6. The sealing assembly of claim 5, wherein the sensor
comprises a probe configured to create a magnetic field and
sense changes 1n the magnetic field as the plurality of teeth
of the seal plate rotates relative to the probe thereby per-
turbing the magnetic field of the probe.

7. The sealing assembly of claim 35, wherein the sensor
comprises a tip configured to sense movement of the tooth.

8. The sealing assembly of claim 5, wherein the sensor 1s
mounted to a cross-over housing of the gas turbine engine.

9. The sealing assembly of claim 1, wherein a material of
the seal plate comprises a ferromagnetic metal.

10. A method of measuring a rate of rotation of a seal plate
in a gas turbine engine, the method comprising:

rotating the seal plate, wherein the seal plate comprises:

an annular body;

a scoop connected to and extending radially from the
annular body, wherein the scoop defines an annulus,
wherein the scoop 1s disposed on a first axial end of
the annular body;

a sealing surface disposed on a second axial end of the
annular body opposite from the scoop;

a plurality of teeth disposed into and along an outer
perimeter of a portion of the annular body; and

a channel extending through a portion of the annular
body, wherein the channel 1s tluidly connected to the
scoop and to the sealing surface; and

sensing a rate of rotation of the seal plate with a sensor,

wherein the sensor 1s mounted to a housing of the gas

turbine engine.

11. The method of claim 10, further comprising catching
o1l with a scoop of the seal plate, wherein the scoop 1is
disposed on a first axial end of the seal plate.

12. The method of claim 11, further comprising drawing
o1l through the channel from the scoop to the sealing surface.
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13. The method of claim 12, further comprising forming
a wet sealing interface at the sealing surface with the oil
drawn through the channel from the scoop.

14. The method of claam 10, wherein sensing a rate of
rotation of the seal plate further comprises sensing a change 5
in a magnetic field of the sensor caused by the plurality of
teeth of the rotating seal plate.

15. The method of claim 10, wherein rotating the seal
plate turther comprises rotating the seal plate relative to the
SENnsor. 10

16. A seal plate comprising;

an annular body;

a scoop connected to and extending radially from the
annular body, wherein the scoop defines an annulus,
wherein the scoop 1s disposed on a first axial end of the 15
annular body;

a sealing surface disposed on a second axial end of the
annular body opposite from the scoop;

a plurality of teeth disposed into and along an outer
perimeter of a portion of the annular body, wherein the

12

plurality of teeth are configured to induce a current as
the seal plate 1s rotated; and

a channel extending through a portion of the annular body,

wherein the channel 1s fluidly connected to the scoop
and to the sealing surface, wherein the seal plate
comprises a wet seal configured to form a sealing
interface using a flmid, wherein the seal plate comprises
a face seal with the sealing surface oriented orthogo-
nally to a rotational axis of the seal plate, and wherein
a material of the seal plate comprises a ferromagnetic
metal.

17. The seal plate of claim 16, wherein the plurality of
teeth are configured to engage with a magnetic probe such
that a current 1s induced 1n the magnetic probe as the seal
plate rotates.

18. The seal plate of claim 16, wherein the seal plate
comprises a rotating seal configured to form the sealing
interface while rotating.
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